Redistribution of surface immunoglobulins, H-2b, Thy-1.2, and TL.1,2,3 alloantigens, and concanavalin A receptors on mouse lymphoid cells induced by hybrid rabbit F(ab')2 antibody (anti-mouse immunoglobulin/anti-visual marker or anti-concanavalin A/anti-visual marker) was studied by immunofluorescence. When used directly to label surface immunoglobulin, and indirectly to label alloantigens and concanavalin A receptors, hybrid antibodies induced similar displacement of all surface components from a uniform distribution into "patches"
uniformly distributed H-2b alloantigen-alloantibody complexes, but patches of label develop when ferritin attaches to the hybrid antibody. These results explain the patchy distribution of cell-surface components, which is a temperature-independent characteristic of labeling with hybrid antibodies and visual markers for electron microscopy.
When mouse cell-surface alloantigens are labeled indirectly for electron microscopy with mouse alloantibody, then hybrid rabbit F(ab')2 antibody directed against both mouse immunoglobulin G (IgG) and a visual marker such as ferritin, and finally the visual marker, they are typically represented as "patches" separated by unlabeled regions of the cell surface (1) (2) (3) . A more uniform distribution of label is observed when H-2 alloantigen is visualized directly with ferritin-conjugated alloantibody (4) . This uniform label can be displaced into patches by subsequent attachment of bivalent antibody against IgG (5) . Aggregation and redistribution of surface IgG molecules and alloantigen-alloantibody comAbbreviations: IgG, immunoglobulin G; anti-M IgG/anti-F, hybrid antibody against mouse IgG and ferritin; B6, C57BL/6; Con A, concanavalin A; F, ferritin; Fl, fluorescein isothiocyanate; G anti-R IgG/Fl, fluoresceinated antibody against rabbit IgG prepared in goat; R anti-F/Fl, fluoresceinated rabbit antibody against ferritin; R anti-M IgG, antibody against mouse IgG prepared in rabbit; SBMV, southern bean mosaic virus.
plexes on mouse lymphocytes induced by antibody against
IgG has also been demonstrated by immunofluorescence (6) . A uniform label, obtained at low temperature, transforms rapidly at higher temperatures into patches of label that coalesce into a crescent-shaped "cap" over the Golgi region of the cell. The apparent requirement of bivalent antibody to induce redistribution suggested that molecular crosslinking of individual components was involved (5, 7) .
Since Cells were resuspended in 1-2 drops of 50% glycerol in phosphate-buffered saline, pH 7, to which 100 mM sodium azide was added, and examined with a Leitz Orthoplan microscope equipped with an Osram HBO 200W mercury lamp, and BG38 excitor, KP490 interference, and K530 barrier filters. For each sample 100-200 cells were examined, generally at room temperature, although for experiments at -5°, examination and photography were done in a cold room maintained at -5°. of 100 mM sodium azide, G anti-R IgG/Fl does not cause redistribution of surface-bound molecules that it labels. Therefore, in all experiments, G anti-R IgG/Fl was applied to cells in this manner. When cells were incubated with a low concentration of hybrid antibody (1-10 /g/ml) at 00, a weak fluorescence, uniformly distributed over the cell surface, was observed (Fig. la) ; increasing the temperature to 370 for 30 min after incubation with hybrid antibody at 0°did not alter this labeling pattern. Higher concentrations of hybrid (>50,ug/ml) resulted in a uniform fluorescence on all cells only at -5°, with label coalescing into discontinuous "patches" (Fig. lb) on many cells within 30 min at 0°(or faster at higher temperatures). If the temperature was raised to 370 after labeling at -50, a rapid transformation of the patchy pattern to a crescent-shaped "cap" (Fig. ic) was observed on 50-70% of the cells, the process being completed within 1-2 min.
H-2b, Thy-1.2, and TL.1,2,3 surface alloantigens (hereafter referred to simply as H-2, Thy-1, and TL antigens) were visualized on B6 lymph node or thymus cells, A thymus cells, and B6/TL+ thymus cells, respectively, by incubating cell suspensions first with the appropriate mouse alloantiserum, then hybrid anti-M IgG/anti-F or anti-mouse Fc fragment/anti-ferritin antibody (100 ug/ml), and finally G anti-R IgG/Fl. Hybrid antibody directed against the Fc fragment of mouse IgG was used to'discern H-2 alloantibody applied to alloantigen from naturally occurring surface IgG on lymph-node cells, since anti-Fc antibody does not attach to surface IgG (15) . The percentage of cells labeled was 75-85% for H-2 (on both thymus and lymph-node cells), 80-90% for Thy-1 on thymus cells, and 40-60% for TL on thymus cells. When cells were incubated at 370 with the appropriate mouse alloantiserum at a very low antibody concentration (1: 10,000 for anti-H-2, 1:1000 for anti-Thy-1, and 1:100,000 for anti-TL) and then with hybrid antibody at -50, uniform labeling was observed; patches developed within 10 min after the temperature was raised to 00, and caps formed rapidly at 37°. Greater concentrations of mouse alloantiserum, applied at 370, resulted in the appearance of patches on all cells when hybrid antibody was added at any temperature, even-5. At 370, capping occurred in the same manner as for surface IgG, to a maximum extent of 70-80% for TL, 20-30% for H-2 on lymph-node and thymus cells, and 15-20% for Thy-1 antigen. These three antigens were not capped during incubation with mouse alloantiserum alone for 30 min at 370 followed by hybrid antibody and G anti-R IgG/Fl at 00. Con A receptors on BALB/c spleen cells were labeled by incubating cells initially with Con A and then with hybrid anti-Con A/anti-ferritin antibody (100 ug/ml), followed by G anti-R IgG/Fl. Uniform labeling resulted from incubating cells with low concentrations (<25 ug/ml) of Con A at 370, then hybrid antibody and G anti-R IgG/Fl, both applied at 5°. Patches and caps developed rapidly at 370, while patches formed even at -5°when higher concentrations of Con A (>50 ug,/ml) were used. After incubation with 100 ,Mg/ml of Con A and hybrid antibody at 37°, and G anti-R IgG/Fl at 00, 20-30% of cells were capped. Cap formation did not occur when cells were incubated with Con A alone at 370 and then with hybrid antibody and G anti-R IgG/Fl at 00.
The following experiment was designed to ascertain whether hybrid antibody-induced redistribution is due to hybrid antibody molecules or to contaminating homologous (bivalent anti-M IgG/anti-M IgG) recombinants (1 IgG) can be detected. Antibody valency cannot be determined, however, since bivalent anti-M IgG antibody must be present in a concentration greater than 10 Ag/mI in order to induce capping. To determine the approximate amount of residual anti-M IgG/anti-M IgG antibody remaining in this purified hybrid antibody preparation, hybrid anti-M IgG/anti-F and bivalent anti-F recombinants were first removed in the following manner: 100 Ml of hybrid antibody (500 Mg/ml) was mixed with 50 Mig of ferritin (removed from a suspension in Earle's balanced salt solution by centrifugation) and incubated for 1 hr at 0°. The ferritin was then removed by centrifugation for 90 min at 40,000 rpm. This process was repeated four times, with fresh ferritin each time.
The amount of anti-M IgG/anti-F antibody remaining in this processed preparation ( The following experiment was designed to clarify the nature of the interactions among hybrid antibody, ferritin, and cell-bound mouse alloantibody. B6 thymus cells were incubated with 200 j.g/ml of fluoresceinated H-2b alloantiserum, then with hybrid anti-M IgG/anti-F antibody (purified to remove anti-M IgG/anti-M IgG recombinants), and finally with ferritin, all at -5°in the continuous presence of 100 mM sodium azide (which completely suppresses endocytosis of label). Samples were examined at -5°by fluorescence microscopy after each incubation. Uniform labeling was observed after incubation with fluoresceinated alloantiserum (Fig. 2a) . Subsequent incubation with hybrid antibody (100jig/ml) had no effect on this labeling pattern. After incubation with ferritin (100 jig/ml), however, small patches of label appeared, while the rest of the cell surface retained a weak uniform fluorescence (Fig. 2b) . When an aliquot of these cells was fixed for electron microscopy at -550, the cell surface was labeled with ferritin only in small widely separated patches.
DISCUSSION
At the level of resolution of immunofluorescence, surface IgG appears to be distributed uniformly over the surfaces of mouse lymphocytes. This has been determined by labeling in a manner in which redistribution apparently does not occur, such as with fluoresceinated monovalent (Fab') fragments of anti-IgG antibody (6, 8, 9) or bivalent antibody after saturation of the cell surface with Con A (16). Con A receptors and H-2 alloantigen also appear to be uniformly distributed over the surfaces of mouse lymphoid cells when labeled with fluoresceinated Con A or H-2 alloantibody (16, 17) . We have observed uniform labeling of surface IgG, alloantigens, and Con A receptors when these components were labeled with low concentrations of primary reagent, with the addition of secondary antibodies at very low teml)eratures. A uniform distribution by immunofluorescence implies only that components are randomly distributed in a long-range sense, rather than in gross patches (2, 3) ; a shortrange order may exist, which is beyond the scope of immunofluorescence.
Redistribution of a uniform label into patches, and ulti- (18) .
Basic similarities between induction of patch and cap formation by hybrid and bivalent antibodies (18) indicate that   FIG. 2. (a) H-2b alloantigen on a B6 thymus cell, labeled with fluoresceinated H-2b alloantiserum at -5°in the presence of 100 mM sodium azide, and photographed at -5°; (b) a cell from the same preparation, but labeled additionally with hybrid anti-M IgG/anti-F antibody and ferritin, in the presence of azide; labeling and pholography were done at -5°; X 1200. similar mechanisms are involved. Since hybrid antibody containing negligible amounts of bivalent anti-M IgG/anti-M IgG recombinants is capable of inducing typical redistribution of surface components, bivalency may not be a requirement for a reagent to induce topographical displacement of cell surface components. The situation is confusing, however, unless hybrid F(ab')2 recombinants are shown to possess characteristics quite different from monovalent Fab' antibody fragments, which lack the capacity to induce redistribution (6, 8, 9) .
Hybrid antibody might effect redistribution and aggregation of labeled cell-surface components in several ways without necessitating multivalent crosslinking: (i) hybrid antibody molecules may tend to aggregate once they become bound to the cell surface; (ii) attachment of hybrid antibody might perturb cell-surface components in such a way as to result in selective aggregation of all molecules of the labeled component; and (iii) attachment of hybrid antibody may result in thermodynamically favored aggregation of surface components by altering the electrostatic charge characteristics of the labeled molecules.
The first possibility appears most unlikely, since hybrid antibody-alloantibody complexes do not aggregate in solution. The second possibility would be unlikely if it required that each molecule of every surface component possess receptors specific for other molecules of that component.
However, attachment of hybrid antibody to surface components may induce their aggregation by altering the transmembrane relationship between component molecules and a cytoplasmic assembly that may interconnect cell-surface receptors and account for certain membrane receptorcytoplasmic interactions (19) . This is an intriguing possibility for which. we have no evidence, but which warrants further investigation. At present, the third possibility may be the most likely explanation for hybrid antibody-induced redistribution, although it does not necessarily account for the persistence of aggregates once they have formed. Electrostatic repulsion may be responsible for maintaining a random distribution of a particular component over the cell surface (11) , and aggregation may occur as a result of altering the electrostatic charge of component molecules by attachment of a ligand (20) . Perturbation of the electrostatic charge characteristics of the surfaces of human erythrocyte ghosts by alteration of the l)H or by exposure to proteolytic enzymes can result in aggregation of intramembranous particles demonstrable by freeze-etching (21, 22) .
Although multivalent crosslinking may not be required for patch and cap formation, it may accentuate the rate and extent of redistribution. Ferritin and SBMV attached specifically to cell-bound hybrid antibody significantly increased the level of capping of surface IgG and TL alloantigen. Each individual marker is multivalent and could potentially bind several hybrid antibodies already attached to cell-surface components (13) . In this manner, crosslinking of labeled molecules could be achieved, resulting in increased aggregation and cap formation. Even at extremely low temperatures, ferritin can sequester uniformly distributed H-2 alloantigen-alloantibody-hybrid antibody complexes into patches. It is surprising that aggregation of surface components can occur at such low temperatures, since lateral movement within the surface membrane should be restricted by the high viscosity of the membrane lipids (10, 11) . However, aggregation of intramembranous particles of human erythrocyte ghosts has been obtained at temperatures as low as -16° (21) .
The capacity of hybrid antibodies and visual markers to induce topographical displacement of surface components on mouse lymphoid cells, even at low temperatures, explains the consistent electron microscopic observations of patches of alloantigens labeled with hybrid antibodies (2, 3) . This work was supported by NIH Grant CA 08748.
